Abstract. The fruit quality of 10
Introduction
The blackcurrant (Ribes nigrum L.) is a commercially important small fruit crop extensively cultivated in Poland and several European countries. Due to the very high vitamin C content, high levels of polyphenols (flavonoids such as anthocyanins) and their nutritional properties, blackcurrants are considered of high medicinal value carrying numerous benefits to human health [1-3, 10, 12] . Fruits are used predominantly for the production of juice concentrate, syrups and as frozen fruit.
Recently in Western Europe countries such as Germany, Switzerland, The Netherlands, Belgium, United Kingdom and also in Poland there is a growing interest in fresh fruit consumption of black currants which, in turn, creates interest in cultivation of varieties suitable for the production of high quality fruit destined for fresh market. So called "dessert" cultivars should have large fruits (above 1.5 g), good appearance, flavour and aroma, as well as should contain high amounts of nutraceuticals. The fruit should have good texture, be firm and arranged in long strigs that would ripen evenly.
An extensive applied breeding programme on new blackcurrant cultivars has been conducted at the Research Institute of Pomology and Floriculture (since January 2011 the Research Institute of Horticulture) in Skierniewice, Poland for a number of years.
The breeding work is also focused on the development of high quality fruit that would be meeting the requirements of a "dessert" cultivar. The research includes evaluation of existing varieties (both domestic and foreign) presently on the market, and the breeding programmes aiming at development of such new varieties.
The goal of the research presented in the paper was the evaluation of productivity, fruit quality and suitability of new black currant cultivars and breeding clones destined for fresh market consumption.
Material and methodology

Plant material
The research work was carried out on ten genotypes of black currants. The material was coming from different breeding programmes, different phenotypes and genotypes. The cultivars and clones coming from breeding at RIPF Skierniewice included: 'Bona', 'Gofert', 'Tines', D 13B/11 and the newest Polish cultivar 'Tihope' (PC-425). The cultivars coming from Ukraine included: 'Chereshnieva', 'Yubylejnaia Kopania', 'Saniuta', 'Sofievskaia' and 'Vernisazh'. Although all of the above cultivars and clones produce large and attractive fruits, the flavor and taste differ among them significantly. The known Polish cultivar 'Bona' was used as a standard. 'Bona' is a typical "dessert" cultivar which produces attractive, large and very tasty (sweet) fruits.
All fruit from plant material tested in this experiment was hand picked in a single harvest. Decision of fruit harvesting date was based on sensorial evaluation (visual maturity -100% of black berries) and acceptable taste.
There was no abnormalities in the growth and development of bushes during all years of investigation, which means that blackcurrant plants received sufficient amount of chilling.
Experimental design
The experiment was established in the fruit orchard at RIPF Skierniewice (central Poland) in spring 2007. All plants were at the same age and the first data were collected in 2008 in the following year after planting. The Randomized Block Design with four replicates was used. Five plants (bushes) were planted in each replicate (plot) using spacing 3.5 × 0.75 m with a 1.20 m space guard row between the plots. Research plots maintenance including pest control was performed according to standard recommendations for commercial production of black currants in Poland. Automatically controlled drip irrigation was installed in research plots. The shelf life of fresh fruit was also evaluated. These studies were carried out at room temperature, 18-20 • C, determining the condition/quality of the fresh fruit sample after 24 and 72 hrs.
Data collection
Soluble solids content (Brix) in the fruit was determined with Rudolph J-157 refractometer. The vitamin C content (mg/100 ml of juice) was measured with RQ-Easy reflectometer. The fruit firmness (in N) was assessed using the INSTRON 5542 penetrometer.
Weather conditions
During the study period 2008-2010, the weather conditions were different for each growing season. The 2008 growing season was rather warm with an average precipitation (within the long-term average). The 2009 and 2010 growing seasons were moderately warm but very rainy. In 2009, following the spring drought (until mid-May) the rainy period came lasting until the end of July.
The 2010 growing season was very similar to 2009 just the rainy period after spring drought was longer (until mid-August). The late frosts occurred in spring 2009 only (−0.8 to −2.3 • C) and affected yields in all black currant cultivars tested.
Statistical analysis
The results were analyzed (elaborated) statistically using the method of one-factor analysis of variance (ANOVA), according to the model of randomized block design. Significance of differences between means was evaluated using the Duncan's multiple test at P = 0.05. Statistical variation in terms of differences between plots and years was not analyzed.
Results and discussion
The analyzed data pertaining to the evaluation of the black currant cultivars and breeding clones are shown in tables and figures below. Table 1 illustrates growth (height/width and its ratio) and parentage of evaluated blackcurrant cultivars and clones. There were significant differences in growth observed between cultivars. Data were collected over the three growing seasons (2008) (2009) (2010) and then the averages were calculated. Cultivars 'Tines', 'Vernisazh', 'Chereshnieva' and 'Tihope' (PC-425) produced the tallest plants (111.3-124.7 cm); the medium height bushes (104.7-105.8 cm) were observed with cultivars 'Gofert' and 'Yubylejnaia Kopania' ( Table 1) .
Plant growth/vigour
The remaining genotypes produced plants significantly shorter, below 97 cm. The cultivar 'Tihope' (PC-425) produced the widest bushes (184 cm) followed by cultivars 'Chereshnieva', 'Tines', 'Yubylejnaia Kopania', 'Gofert' and 'Vernisazh'. The bushes having width below 126 cm were observed in the standard cultivar 'Bona' as well as in 'Sofievskaia', 'Saniuta' and in the clone D 13B/11. Similar observations related to the growth and vigour of a number of varieties ('Bona', 'Tines', 'Gofert', 'Yubylejnaia Kopania', 'Sofievskaia', 'Vernisazh') were made earlier [4, 5, 9, 14, 15, 19] .
Besides the growth/vigour of the plants, the form/shape of the bushes is an important characteristic for the cultivar. We calculated the height/width ratio for each variety: values close to 1.0 indicate a ball shape of plants; values lower than 1.0 a spread form and values higher than 1.0 an erected form. All genotypes evaluated in this research were of a spread type with the cv. 'Tihope' (PC-425) producing the widest bushes (Table 1) . Cultivars 'Vernisazh', 'Gofert' and 'Yubylejnaia Kopania' closely followed the 'Tihope' (PC-425). The average height to width ratio for these cultivars was 0.68-0.70. Table 2 shows the average date of ripening period for the fruit collected from the evaluated cultivars and clones. Values represent averages from three growing seasons, 2008-2010. Significant differences were observed between cultivars and clones and the harvest was extended to 8 days. Fruits of the standard cultivar 'Bona' and the clone D13B/11 were ripening the earliest, around July 7th. The late ripening (July 15th) was observed with the cv. 'Tihope' (PC-425). The medium time ripening of fruits (harvest July 9-12th) was observed with cvs 'Saniuta', 'Gofert', 'Sofievskaia', 'Chereshnieva', 'Yubylejnaia Kopania' and 'Tines'. A similar ripening term classification of selected black currant cultivars was reported in literature [6-9, 13, 15, 17-19] .
Time of fruit ripening (average fruit harvest date)
Fruit yield
Harvest dates and the yield of evaluated blackcurrant clones and cultivars are shown in Table 2 . The date of harvest is an average from three years observations. Yield of fruit (kg/plot) is shown for each year individually (2008, 2009 and 2010) as well as the average for the three growing seasons (Table 2) .
In 2010, the average fruit yield of evaluated blackcurrant cultivars and clones was significantly higher (2.2-3.5 fold) than in 2008 and 2009. This could be attributed to plants' age (each following year the plants were older and larger) and favorable weather conditions (lack of late spring frosts and high precipitation in 2010). Thus, the largest yield differences between tested genotypes were observed that year. The Polish genotypes proved to be the high yielders. The average yield for the three years (2008-2010) was the highest in Polish cultivar 'Tihope' (PC-425) and cv. 'Yubylejnaia Kopania'. The Ukrainian cv. 'Vernisazh' and Polish 'Gofert' followed closely ( Table 2 ). The average yields for the above were from 5.63 kg/plot to 9.54 kg/plot which were significantly higher than in the standard cultivar 'Bona', 3.12 kg/plot.
The lowest yields (2.90-3.68 kg/plot), comparable to the standard cultivar produced cvs 'Sofievskaia', 'Chereshnieva', 'Saniuta' and the clone D 13B/11. Gwozdecki [4] and Gwozdecki et al. [5] reported cv. 'Bona' producing significantly higher yields comparable to cvs 'Ojebyn' and 'Ben Lomond'. In Ukrainian trials, cultivars 'Sofievskaia', 'Yubylejnaia Kopania' and 'Vernisazh' produced the highest yields for five consecutive years, 1993-1998 [8] . Our data confirm these results. Table 3 illustrates average (three growing seasons) fruit size expressed as weight (g) of 100 fruits and the length of strigs in evaluated blackcurrant genotypes. As expected, all genotypes were producing the largest fruits in 2008, the first growing season, when the plants were the youngest (Table 3) . With time progressing and yield increasing, the fruits started becoming smaller. The standard cv. 'Bona' and the clone D13B/11 were producing the largest fruit in three consecutive growing seasons.
Fruit size
The average mass of 100 fruits for these genotypes was 167 g and 218 g, respectively. Slightly smaller, not significantly different fruit were observed with the cv. 'Tihope' (PC-425) (150 g) and cv. 'Saniuta' (149 g). The remaining cultivars produced significantly smaller fruit (mass of 100 fruits was below 150 g) than the above genotypes. In Serbia, Nikolić et al. [6] reported cv. 'Bona' producing the largest fruit in their experiments; the average weight of fruit was 2.36 g and was significantly higher than other tested cultivars 'Ben Lomond', 'Ben Nevis', 'Ben Sarek' and 'Titania'.
According to Kopań and Kopań [8] and Kopań et al. [9] , Ukrainian cvs 'Chereshnieva', 'Yubylejnaia Kopania', 'Saniuta' 'Sofievskaia' and 'Vernisazh were producing large fruits, averaging 1.4 g to 3.5 g. However, the results were obtained under Ukrainian soil and climatic conditions. Our experiments did not confirm these results. Table 4 Sensory analysis results and post-harvest "shelf-life" evaluation of blackcurrant genotypes for two growing **post-harvest value ("shelf-life"); evaluation based on the number of decomposed/rotten fruit from a random sample of 100 fruits in 3 replicates.
***Values within columns followed by the same letter do not differ significantly at <0.05 level.
Number of fruits per strig and length of strigs
Data in Table 3 also presents fruit characteristics of evaluated blackcurrant genotypes. The highest average number of fruits in strigs (11.6-13.0) was recorded with the Ukrainian cvs 'Saniuta' i 'Chereshnieva' during the three 2008-2010 growing seasons. The majority of tested cultivars had from 7.8 to 10.5 fruits in a strig. The standard cv. 'Bona' and the clone D13B/11 produced the lowest number of fruit per strig (Table 3 ). These two genotypes had also the shortest strigs, 4.9 cm and 5.5 cm respectively.
The longest strigs were observed in Ukrainian cvs 'Chereshnieva', 'Yubylejnaia Kopania', 'Vernisazh' and 'Saniuta' as well as in a Polish cv. 'Gofert'. The length of strigs varied from 7.0 cm to 8.6 cm in these cultivars and it differ significantly from the strig length of cv. 'Bona' ( Table 3 ). The remaining cultivars were producing medium length strigs of 5.8-6.4 cm, which were more difficult to harvest than from cultivars producing longer strigs. Our observations indicated that blackcurrant berries on long strigs were more attractive for the fresh market.
Sensory evaluation and post-harvest shelf life of fruits
The results of sensory analysis of fresh fruits are presented in Table 4 . The sensory panel consisted of 12-15 not trained testers/panelists (employees of the Fruit Plant Breeding Department of the Institute). All three tested variables (appearance, taste and aroma/flavor) were significantly different in all of the evaluated cultivars and clones. Although the fruit appearance of genotypes did not differ to a larger extent, the fruit of the standard cv. 'Bona' and the clone D13B/11 seemed the most attractive to the panelists (Table 4) .
Fruits of cv. 'Bona' were found the best tasting among all of the genotypes tested, as they did not have a strong "blackcurrant" aroma that often is disliked by consumers. The high "dessert value" of cv. 'Bona' fruit is well known and was previously reported [5, [15] [16] [17] [18] . The Ukrainian cv. 'Saniuta', the Polish cv. 'Gofert' and the clone D13B/11 closely followed cv. 'Bona' as the best tasting fruit ( Table 4) .
The high value of the Polish cv. 'Bona' fruit (as best tasting) was also reported in Serbia [11] . Kopań and Kopań [8] and Kopań et al. [9] reported a good taste of fresh fruit and processed jams and jellies for Ukrainian blackcurrant cultivars. With regards to post-harvest characteristics, our studies have shown that the fruit of cvs 'Bona', 'Tihope' (PC-425) and 'Tines' had the longest "shelf life" when kept at room temperature for 72 hours (Table 4) . 
Quality and firmness of fruits
The highest amounts of juice extract/soluble solids ( • Brix) were found in fruits of Polish cultivars 'Gofert' (18.5%) and 'Tines' (18.0%). Fruits of other cultivars contained significantly less soluble solids (Fig. 1) . The levels varied from 13.4% in clone D13B/11 to 16.0% in 'Tihope' (PC-425) and did not differ significantly from each other.
The highest vitamin C content was recorded for fruits of the new Polish cultivar 'Gofert' (150 mg/100 ml), Ukrainian cv. 'Sofievskaia' (127 mg/100 ml) and the Polish cultivar 'Tihope' (PC-425) (127 mg/100 ml), (Fig. 2) . In other cultivars, the vitamin C content was significantly lower, 80-100 mg/100 ml.
Chemical analyses of fruit (sugar content, organic acids including ascorbic acid (vitamin C), pectins and phenols) for Ukrainian cultivars 'Chereshnieva', 'Yubylejnaia Kopania', 'Saniuta', 'Sofievskaia' and 'Vernisazh' were also reported in Kopań and Kopań [8] and Kopań et al. [9] work. According to their data, the above mentioned cultivars contained high amounts of bioactive compounds such as phenols and ascorbic acid (vitamin C).
The fruits produced by cv. 'Chereshnieva' and 'Tihope' (PC-425) were the firmest, 5.0 N and 4.4 N respectively (Fig. 3) . Quite firm were also fruits of cvs. 'Sofievskaia' and 'Gofert' (3.7 N) . Fruits of the other cultivars were significantly less firm and did not differ from each other.
Conclusions
Blackcurrant cultivars studied under conditions of Central Poland differ between each other with regards to evaluated characteristics (variables). 3. The largest fruits are produced by genotypes coming from the Polish breeding programme such as clone D13B/11, the newest cv. 'Tihope' (PC-425) and cv. 'Bona'. The Ukrainian cultivar 'Saniuta' also produces fruit in the above category. 4. The best appearance, taste and fruit aroma is associated with cultivars 'Bona', 'Gofert', 'Tihope' (PC-425) and clone D 13B/11.
5. Fruits of cultivars 'Bona', 'Tihope' (PC-425), 'Tines' and 'Chereshnieva' show good ability for short term storage. 'Chereshnieva' and 'Tihope' (PC-425) produce also the most firm fruits. 6. The highest soluble solids content have fruits of cultivar 'Gofert', 'Tines' and 'Tihope' (PC-425). 7. The genotypes 'Gofert', 'Sofievskaia' and 'Tihope' (PC-425) have also the highest vitamin C content among tested cultivars.
